The lactic acid-catalyzed reactions of ninhydrin and secondary enaminones were conducted by solventfree grinding at room temperature to yield polycyclic 4b,9b-dihydroxy-4b,5,6,7,8,9b-hexahydroindeno[1,2-b] indole-9,10-diones.
Introduction
The synthesis of polycyclic organic molecules with fused heterocycles is of significant importance because of their structural resemblance with natural products [1, 2] . 4b,9b-Dihydroxy-4b,5,6,7,8,9b-hexahydroindeno [1,2-b] indole-9,10-diones (3 in Scheme 1) are a class of heterocyclic molecules with fused indeno [1,2-b] indole polycyclic structure which are known to possess various biological activities [3] [4] [5] [6] [7] . Therefore, synthesis of such fused heterocyclic scaffolds has received significant attention in recent years. Currently, the synthesis of compounds 3 is predominantly accessed by the reaction of ninhydrin with amine derivatives of 1,3-dicarbonyl compounds [8] alkyl propiolates [9] dialkyl acetylenedicarboxylates [10] or 1,1-bis(methylthio)-2-nitroethene compounds [11] . Since a common feature of all these methods is the in situ generation of an enaminone (or enamino ester) intermediate product, the direct application of enaminones as the reaction partners of ninhydrin has also been developed [12] . Upon on our longstanding interest in developing environmentally benign synthesis and enaminone chemistry [13] [14] [15] we report herein a solvent-free protocol for the facile synthesis of products 3 by employing nontoxic and bio-available lactic acid (LA) as catalyst.
Results and discussion
To start the exploration, the reaction of ninhydrin (1) and secondary enaminone 2a was selected. An attempted reaction of 1 and 2a in the absence of any catalyst did not produce the desired product 3a. On the other hand, compound 3a was produced in a 41% yield in the presence of a catalytic amount of acetic acid and the yield was increased to 46% in the presence of a catalytic amount of lactic acid. Under optimized condition the amount of lactic acid was 50 mol% and this treatment furnished compound 3a in an 87% yield. After the optimization of the reaction conditions, this solvent-free catalytic approach was then employed for the efficient synthesis of a variety of other ring-fused products 3b-j (Scheme 1) (See also Supplemental Material).
Conclusions
A solvent-free method for the synthesis of hexahydroindeno[1,2-b]indole derivatives 3 via the reactions of ninhydrin and secondary enaminones was developed. The environmentally benign feature of the method makes it useful in the sustainable synthesis of these important polycyclic scaffolds.
Experimental
Secondary enaminones 2 were synthesized following the literature procedure [1] and other chemicals were obtained from commercial sources and used directly without purification. 1 H NMR (400 MHz) and 13 C NMR (100 MHz) spectra were recorded in DMSO-d 6 . Melting points are not corrected.
General procedure for the synthesis of indeno[1,2-b] indoles 3a-j
A mixture of ninhydrin 1 (0.3 mmol), enaminone 2 (0.3 mmol) and lactic acid (0.15 mmol) was thoroughly grounded using a pestle and mortar at room temperature for 10 min. Then the mixture was washed with saturated NaHCO 3 solution and water, filtered, and the crude product was crystallized from ethanol. 
